Background Pituitary tumor-transforming gene-1 (PTTG1) is a transcription factor that can affect transcriptional activity, angiogenesis, and cell senescence. We examined PTTG1 mRNA and protein expression in gastric cancer (GC) cell lines and tissues to determine its value as a biomarker for GC diagnosis and therapy. Methods PTTG1 mRNA expression from 78 GC cases and paired adjacent normal mucosa (PCR cohort) as well as from five gastric cell lines was assessed using qRT-PCR. Nuclear and cytoplasmic RNA were extracted from two gastric cell lines to determine PTTG1 mRNA localization. PTTG1 protein expression from 98 GC cases, their paired adjacent normal mucosa, and 23 gastric intraepithelial neoplasia (GIN) cases was examined using immunohistochemistry (IHC cohort). The correlation between PTTG1 mRNA and protein expression and GC clinicopathological parameters was analyzed. Results PTTG1 mRNA expression in GC tissues and cell lines was significantly increased compared with adjacent normal gastric mucosa and normal gastric mucous cell lines (p \ 0.05). PTTG1 expression was nuclear and cytoplasmic, with higher cytoplasmic expression. PTTG1 immunostaining significantly differed in GC (95.66 ± 20.65), GIN (84.00 ± 34.16), and normal adjacent mucosa (28 ± 22.25) (p \ 0.001). Multivariate Cox regression analysis revealed that PTTG1 mRNA and protein expression are independent prognostic factors for GC patient survival. Conclusion Our results suggest that PTTG1 is a promising target for GC diagnosis and therapy.
Introduction
Although the worldwide gastric cancer (GC) incidence is declining, it remains the second leading cause of cancer mortality worldwide [1] . The overall 5-year survival rate of GC patients ranges from 10 % to 30 % [2] . GC prognosis is related to numerous factors. There has been increasing interest on identifying new prognostic GC biomarkers to predict its biological behavior. Novel biomarkers can also improve treatment design and aid in the development of new therapeutic targets.
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Pituitary tumor-transforming gene-1 (PTTG1), also known as securin, encodes a regulatory protein that participates in cellular pathways involving cell division, chromosome stability, and DNA repair. PTTG1 is a transcription factor that affects transcriptional activity, angiogenesis, and cell senescence by directly binding to DNA or interacting with proteins, including p53, fibroblast growth factor 2, p21, and MMP [3] [4] [5] . PTTG1 was originally isolated from rat pituitary tumor cells [6] and was subsequently reported to be overexpressed in a variety of tumors, including pituitary, ovary, colon, lung, breast, adrenal gland, and testis [7] [8] [9] [10] [11] [12] [13] . PTTG1 expression is correlated with the biological behavior of various tumors, suggesting its potential as a prognostic biomarker and therapeutic target.
The few available reports concerning PTTG1 expression in GC have shown inconsistent results [14] [15] [16] . In the present study, we investigated PTTG1 mRNA and protein expression in GC cell lines and tissues using quantitative real-time polymerase chain reaction (qRT-PCR) and immunohistochemistry (IHC). Our results suggest that PTTG1 overexpression is an independent prognostic GC biomarker.
Methods

Tissue samples and tissue microarray (TMA)
The fresh tissue samples used in this study were obtained from 78 patients with GC who underwent gastrectomy with lymph node dissection (PCR cohort) and stored at the Fudan University Shanghai Cancer Center tissue bank between 2007 and 2011. Resected cancer tissues and paired adjacent normal mucosa were snap-frozen in liquid nitrogen and stored at -80°C until RNA preparation. Formalin-fixed, paraffin-embedded (FFPE) specimens from 98 GC and 23 GIN cases (IHC cohort) were retrieved from the Department of Pathology of Fudan University Shanghai Cancer Center archives between 2009 and 2011. All case diagnoses were histopathologically confirmed. No patient in this study was treated preoperatively. All GC case clinicopathological features were assessed (Table 1 ). The average follow-up time was 37.57 months (median, 36 months; range, 4-78 months). The tumor grades were defined in accordance with the criteria outlined by the World Health Organization (WHO) Classification of Tumors of the Digestive System, 2010 edition [17] . Lauren criteria were applied to classify tumors into intestinal type and diffuse type [18] . Tumors were staged according to the criteria enumerated in the AJCC Cancer Staging Manual, seventh edition [19] . The characteristics and descriptive statistics of the fresh tissue cohort and FFPE tissue cohort are listed in 
Localization
Nuclear and cytoplasmic RNA were separately extracted from the AGS and SGC7901 cell lines using the PARIS (Protein and RNA Isolation System) Kit (Life Technologies, USA). Briefly, cells were washed with phosphatebuffered saline (PBS) and incubated on ice with cell fractional buffer. Nuclear and cytoplasmic fractions were then separated. RNA was extracted from the separate lysates by adding ethanol. Nuclear and cytoplasmic RNA were converted to cDNA and analyzed by qRT-PCR. Three genes were used as controls. Of the control genes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was expressed in both the nucleus and cytoplasm. The mitochondrial gene MT RNR1 was expressed in the cytoplasm, whereas the nuclear transcript U6 was expressed in the nucleus. b-Actin was used for normalization. The primer sequences are listed in Supplementary Table 1 .
Quantitative RT-PCR
To assess PTTG1 RNA expression, total RNA from tissues of PCR cohort as well as cultured cells was extracted using Trizol (Invitrogen) according to the manufacturer's instructions. Then, the total RNA was reverse transcribed into cDNA using the PrimeScript RT reagent Kit (Takara, Dalian, China). The resulting cDNA was subjected to SYBR Green-based quantitative PCR analysis as previously described [20] . Real-time PCR was performed in triplicate including no-template controls. The amplification of the appropriate product was confirmed using melting-curve analyses. Relative PTTG1 expression was calculated using the comparative cycle threshold (Ct) (2 -DDCT ) method. GAPDH was used as the endogenous control for data normalization. The primer sequences are listed in Supplementary Table 1. For each section, the stain intensity was scored as 0, 1, or 2 corresponding to the presence of negative, weak, and strong brown staining, respectively. The final score of a section was generated using the following formula: H score = 0 9 (% of negative cells) ? 1 9 (% of weakly stained cells) ? 2 9 (% of strongly stained cells). Finally, a score within the range of 0 to 200 was obtained.
Statistical analyses
When there were two experimental groups, statistical significance was analyzed using Student's t test, the Pearson v 2 test, and the Wilcoxon test. When there were more than two groups, one-way analysis of variance (ANOVA) was used to evaluate the data. Variables with a p value\0.05 in the univariate analysis were used in the subsequent multivariate analysis using the Cox proportional hazards model. Survival rates were calculated using the Kaplan-Meier method with log-rank test performed for comparisons. Two-sided p values were used, and p \ 0.05 was considered statistically significant. All analyses were performed using SPSS 20.0 software (IBM, SPSS, Chicago, IL, USA).
Results
PTTG1 mRNA expression in cell lines and tissues
We initially detected PTTG1 mRNA expression in gastric cell lines using qRT-PCR. Compared with the normal gastric mucous cell line GES-1, four of six GC cell lines had significantly increased PTTG1 expression (p \ 0.001). No significant differences were observed for MGC-803 (p = 0.424) and AGS (p = 0.056) (Fig. 1a) . In tissues obtained from 78 GC patients, PTTG1 mRNA expression in cancer tissues from 57 patients was significantly increased compared with the adjacent normal gastric mucosa tissue (p \ 0.0001) (Fig. 2a, b) .
PTTG1 mRNA localization
The three control genes, GAPDH, MT RNR1, and U6, displayed the expected expression patterns (Fig. 1b) in AGS and SGC7901 cell lines. PTTG1 was expressed in the nuclear and cytoplasmic fractions. The ratio of cytoplasmic expression to nuclear expression averaged 1.5. These results suggest that PTTG1 exhibits nuclear and cytoplasmic expression, with slightly higher cytoplasmic expression. IHC PTTG1 protein expression in GC, normal adjacent mucosa, and GIN tissues of PCR cohort was evaluated using IHC. Positive signals were observed in the nucleus and cytoplasm (Figs. 3, 4 ). The PTTG1 cytoplasmic expression H scores in GC (95.66 ± 20.65), GIN (84.00 ± 34.16), and adjacent normal mucosa (28.00 ± 22.25) were significantly different (p \ 0.001, Fig. 3 ). PTTG1 nuclear expression was observed in scattered individual cells in GC and GIN tissues, and the H score in the former (2.38 ± 0.79) was significantly higher than the latter (1.91 ± 0.81, p = 0.006). No positive nuclear staining was noted in adjacent normal mucosa. In positive GC tissue, cytoplasmic expression was much higher than nuclear expression (p \ 0.0.001). Cytoplasmic and nuclear immunohistochemical PTTG1 staining images of representative GC, GIN, and normal colorectal mucosal tissue samples are presented in Figs. 3 and 4 . The fibrous tissue and smooth muscle cells interweaving in gastric glands and tumor cells were PTTG1 negative; less than 5 % of lymphocytes that infiltrated in the stroma were PTTG1 positive.
Correlation and Cox regression analysis
The correlation analysis determined that no gastric clinicopathological parameters correlated with PTTG1 mRNA and protein expression (p [ 0.05; Table 2 ). PTTG1 expression levels in tumor tissues were categorized as low or high relative based on the Youden's index. The KaplanMeier analysis determined that the mean survival time for GC patients with low PTTG1 mRNA expression levels was 62.6 months compared with 34.8 months for patients with high PTTG1 mRNA expression (p \ 0.0001, log-rank test; Fig. 5, Table 2 ). Cytoplasmic PTTG1 protein staining also showed the mean survival time of patients with a low score (60.20 months) was longer than that of those with a high score (39.18 months). Correlation analyses did not reveal any significant correlations between PTTG1 immunoreactivity and clinicopathological parameters. Furthermore, the multivariate Cox regression analysis determined that both PTTG1 mRNA (Table 2 ) and protein (Supplementary  Table 2 ) expression is an independent prognostic variable for GC patient survival.
Discussion
In human normal tissues, PTTG1 mRNA is strongly expressed in adult testis and thymus, whereas it is weakly expressed in colon, small intestine, brain, placenta, and pancreas [6] . As a mammalian securin, PTTG1 protein acts as an inhibitor of separase, a protease that regulates the separation of sister chromatids during mitosis [22] . PTTG1 overexpression is associated with increased invasion, metastasis, and vascularity in various tumor types [23] . Therefore, PTTG1 is considered an oncogene, and a recent study revealed that it acts as a tumor suppressor gene in breast cancer [24] . PTTG1 mediated this tumor suppression activity by inducing chromosome instability, genetic instability, and the expression of other oncogenes [25] . PTTG1 is thought to perform its function in the nucleus. However, cytoplasmic PTTG1 has been observed in Fig. 4 Nuclear PTTG1 protein expression in GC, GIN (GIN), and adjacent normal mucosa. Representative photographs of anti-PTTG1 antibody nuclear staining intensity show (arrows) scattered positive nuclei in GC (a) and GIN (b). IHC immunohistochemistry various cell lines and tumor types [26, 27] . The mitogenactivated protein kinase (MAPK) pathway and PTTGbinding factor (PBF) are reportedly involved in the translocation of PTTG from the cytoplasm to the nucleus [28, 29] . In gastric cell lines, we observed that PTTG1 protein was primarily expressed in the cytoplasm but that it was also expressed in the nucleus. Consistently, PTTG1 antibody immunostaining was predominantly cytoplasmic but also nuclear in GC and GIN tissues.
In the present study, using GAPDH as the normalization control, we determined that PTTG1 mRNA expression levels in tumor tissues from 78 GC cases were significantly higher than in the corresponding adjacent normal gastric mucosa tissue. Some of the tumor samples in this study may be contaminated by stroma. However, compared to the highly expressed PTTG1 in gastric glands and tumor cells, the PTTG1 negative fibrous tissue and scattered positive lymphocytes (\5 %) will not interfere the result of statistical analysis. In the six human GC cell lines, four cell lines exhibited significantly higher PTTG1 mRNA expression than their lower counterparts. Consistent with the mRNA expression data, PTTG1 immunostaining, both in cytoplasm and in nucleus, revealed significantly higher expression in GC tissues compared with adjacent normal gastric mucosa. PTTG1 immunostaining in GIN tissues was increased compared with adjacent normal gastric mucosa and reduced compared with GC tissues, which suggests that PTTG1 protein expression increases during GC development. These results also suggest that PTTG1 is a potential biomarker for GC diagnosis.
PTTG1 overexpression is correlated with tumor invasion, metastasis [23, 30] , poor survival [12] , and histological grades [31] in various cancers. In contrast to these reports, our study failed to discover a significant correlation between gastric clinicopathological parameters and PTTG1 mRNA and protein expression. Cox regression analysis determined that PTTG1 mRNA expression is an independent factor for predicting GC survival.
Three previous studies have investigated PTTG1 expression in GC with inconsistent results. Of these studies, Yamada et al. reported no significant difference in PTTG1 mRNA expression between GC and noncancerous gastric mucosa [16] . The sampling method, which was not described in detail, or other factors, such as small sample size (only 30 cases), might have contributed to their negative result. The other two studies examined PTTG1 expression in GC using immunohistochemistry [14, 15] . Consistent with our results, these groups reported PTTG1 overexpression in GC. In addition, the studies indicated that PTTG1 expression correlated with differentiation, clinical classification, lymph node metastasis, and histological type or the infiltration depth in GC; however, our results did not support these correlations. This discrepancy may be the result of the use of different antibody clones and scoring methods. Further investigation is needed to confirm the relationship between PTTG1 and GC clinical features.
Published studies have not reported PTTG1 expression in GIN, a precancerous lesion. In the present study, our results revealed that PTTG1 protein expression levels in cancer tissues were higher than intraepithelial neoplasia tissues. Moreover, PTTG1 protein expression levels in intraepithelial neoplasia were increased compared with adjacent normal tissues. These results suggest that PTTG1 expression increases during the malignant transformation process and suggests that PTTG1 may contribute to tumorigenesis and progression. These results reveal the potential utility of PTTG1 as a therapeutic target.
In summary, we present evidence that significant PTTG1 overexpression, both at the mRNA and protein Fig. 5 Kaplan-Meier survival curves stratified by PTTG1 expression level in polymerase chain reaction (PCR) cohort and immunohistochemistry (IHC) cohort. The p value was calculated using the log-rank test. HR hazard ratio PTTG1 in gastric cancer 113 levels, occurs in GC cells in vitro and in vivo. Elevated PTTG1 expression in GIN and cancer suggests that PTTG1 might have a potential role in early cancer diagnosis. PTTG1 mRNA expression is also an independent prognostic GC biomarker. Our results indicate that PTTG1 might serve as a promising target for GC diagnosis and therapy.
